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Titanium oxide is the most commonly used material for dye-sensitized solar cells. In such 
devices it is usually found as a nanostructured film, made by the agglomeration of several 
nanoparticles. The effects of nano-dimensionality in comparison to crystalline materials are 
however still poorly understood. We show two different effects, in the electrical and optical 
spectra of TiO2 anatase, due to confinement. 
  
We performed state-of-the-art, many-body perturbation theory GW calculations, for TiO2 
anatase (101) slabs with varying number of layers, of the order of 1-2 nm wide [1]. We used 
for that an ab initio approach based on the plane-waves, pseudo-potential methodology [2, 3]. 
At this many-electron level, we can see the opening of the electronic fundamental gap as the 
width of the system decreases, an effect that is barely detected using Density Functional 
Theory, even when hybrid functionals are employed. 
  
On another direction is the effect of confinement on optical properties: for that we focus on 4-
layer slabs, compared to the crystalline structure, using many-body configuration-interaction 
CIS calculations through the MSINDO method [4]. This approach is based on semi-empirical 
parameterization and adapted to periodic systems through the cyclic cluster approach. The 
lower-energy excitations display a clear surface-state character, as opposed to the highly 
delocalized excitons in the crystalline system (as also the higher-energy peaks in the slab). 
The surface exciton is quite localized so that electron and hole interact strongly, resulting in a 
closure of the optical gap with respect to electronic gap. This effect will be more relevant for 
nanostructures, due to the higher surface/volume proportion. 
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